Abstract. This paper presents a study on the complex phenomenon of fluid
INTRODUCTION
The recent discovery and exploration of Brazilian pre-salt oil reservoir demands researches and developments focused on oil exploitation in deep water and ultra deep water. In this type of operation, floating structures such as semi-submersible platforms and FPSO (floating, production, storage and offloading) are usually adopted, and suffer the effects of the environmental loads due to winds, waves and currents.
The impact of waves onto offshore platforms is associated with a series of phenomena which may affect the operation or cause serious damage to plant and structures. Among these phenomena, wave-in-deck impact occurs when the wave height is greater than the air gap and the wave reaches the bottom of the deck of a semi-submersible, and imposes high loads for which the structures usually are not projected to suport. An experimental study of the phenomenon of wave-in-deck impact is presented in [1] , comparing the effects of a bi-dimensional modeling and a three-dimensional modeling of the phenomena. Experimental and a numerical stud-ies using a finite volume method are presented in [2] , which concluded that the suction force at the wave output phase has the same magnitude of the initial wave impact over the deck. In [3] the experimental results from [1] and the numerical results obtained from finite volume method [2] are compared to that obtained from the particle method based on Moving Particle Semi-implicit (MPS) method. The particle method results of the impact force horizontal component and the runup are closer to the experimental data than the mesh method. However the MPS method does not calculate the negative pressures during the output wave phase.
Also associated with severe weather conditions and large amplitude waves are the green water phenomenon (also called shipping water), that consists of the water invasion on the deck, damaging plant equipments. The phenomenon of green water is common at FPSO platforms, due to the hull freeboard restrictions, but can occur in semi-submersible when the wave height is large enough. In [4] and [5] , the MPS method was applied to study green water on shipping vessels.
Another phenomenon is the wave runup, the wave height amplification during the wave impact onto structures and may exert severe structural loads on the columns of semi-submersible platform. The focus of [6] is the analysis of the wave runup onto semi-submersible platform columns comparing experimental data with numerical results using a finite volume method.
The wave impacts are very complex and highly nonlinear problems. In this study, for the modeling of incompressible flows with large free-surface deformation and fragmentation, Moving Particles Semi-Implicit (MPS) method proposed by [7] is used. The method adopts fully lagrangian description of computational domain and the governing equations differential operators are derived from a particle-interaction model. In relation to the analytical methods and the eulerian description and mesh-based computational methods, MPS is promising in the treatment of highly nonlinear phenomena.
In this study numerical simulations of wave impact on semi-submersible platforms are carried out in a numerical towing tank. The first stage of the study consists on the wave calibration of the incoming wave. The second stage consists on the wave impact over the floating structure in head seas with coupled pitch and heave motions. The future development of this work is focused on the use of higher resolution models with six degrees of freedom.
MPS PARTICLE METHOD

Governing Equations
The incompressible flow governing equations are the continuity equation (Eq. (1)) and the Navier-Stokes equation (Eq. (2)).
(1) (2) Where ρ is the fluid density, the velocity vector, P the pressure, the gravitational aceleration, the external forces, the dynamic viscosity and t the time.
Particle Interation Model
In MPS method, the differential operators are replaced by operators derived by a particle interaction model based on the contributions weighting of each particle inside a neighborhood radius. The weight function is:
In which is the distance between two particles i and j and r e the neighborhood radius. The particle number density (pnd), is shown in equation (4) . The pnd is proportional to the fluid density and a constant pnd value satisfys the incompressibility.
The gradient operator (Eq. (5)) and the laplacian operator (Eq. (6)) of a scalar function Φ are presented below:
Where the constant δ is given by:
Where d is the number of dimensions and pnd 0 is the initial particle number density value.
Free-Surface Boundary Condition
For a particle i, if its particle number density satisfies pndi < β pnd 0 , then it is considered as a free-surface particles and atmosphere pressure is imposed as its pressure. Usually β=0,97 is used.
4. Incompressible Flow Algorithm
The algorithm of MPS method is divided into two parts. The first consists on the explicit calculation of velocity, position and pnd of the particles using the Navier-Stokes equations considering all the terms on the right side of the equation, except the pressure gradient. The second stage is the implicit calculation of pressure solving a linear system of Poisson equation (Eq. (8)) derived from mass conservation.
Where pnd* is the pnd estimated over the calculation explicit stage. And finally, the correction of velocity and position are done. The MPS algorithm is presented in the Figure 1 flowchart. 
Fluid-Structure Interaction
In MPS method, the solid boundaries are also discrete in particles. In order to calculate correctly the pnd of the particles near the boundaries, two additional layers of dummy particles are used (Figure 2 ).
Figure 2. Solid particles and solid dummy particles
In the present, three different solid types are used: the fixed solid; solid with forced motion and the free motion solid. The fixed solid has zero velocity. In the solid with forced motion solid the particle velocity is imposed during the explicit calculation. The free motion solid moves under the influence of external forces and moments. The free solid implementation used in this study is based on [8] and [9] , which also presents several cases of validation.
WAVE CALIBRATION
The incoming waves characteristics are based on [4] . Three different kinds of waves are simulated: a short wave, a medium wave and a long wave; all with high amplitudes simulating severe weather conditions. Table 1 show the characteristics of the three waves at real scale and the 1:50 model scale. The first stage of the research comprises the incoming wave calibration based on the wave height and the period (or the wavelength) of desired waveform. In this work a validation study of the flap type wavemaker for the MPS simulation code was performed, with similar procedure to that presented in [10] , in which the numerical results and the analytical ones based on the wavemaker theory [11] were compared for validation of the wavemaker. The movement amplitude range, the period and tank depth influences over the wave characteristics was also investigated.
In this study, the fluid is treated as inviscid and has 1000.0 kg / m³ density. Figure 4 shows the wave profile alog the numerical tank. The horizontal axis is the distance from the wavemaker and vertical axis is the wave elevation. As shown in Figure 4 -a, the amplitude of the wave generated numerically reduces gradually as it advances to the opposite end of the tank. This reduction is caused by numerical damping and, therefore, in addition to the period and amplitude, the point of the tank in which the generated wave has the requested wave height must be found. This point is defined as frame position (P fr ), where the model will be placed. The tank used in the numerical wave calibration tests has 1 meter depth and 20 meter length. Table 2 shows the calibrated waves characteristics, the frame position and flap type wavemaker motion amplitude (in radians) for 1:50 scaled model. Figure 5 shows free surface elevation time series for the three wave types at the frame positions. As the position of the free surface presents some scattering, the time series presented are filtered. As shown in Figure 5 , the generated wave presents asymmetric height of crests and hollows, which is typical of the shallow water waves. 
MODELS
The simulations of the wave impact are carried out by using two 1:50 scaled models, which differ in the shape of columns, one with square section columns and the other with circular section columns. The full-scale structures dimensions are shown in Figure 6 and Figure  7 . The draft of the structures is 16 meters in full scale.
. Figure 6 . Square section column structure dimensions The models presented in Figure 6 are based on the dimensions of the one used in [6] . In which numerical results obtained by an improved finite volume method are compared to the experimental data from a 1:50 scale model.
The width of the numerical tank is five times the structure midsection width. At the front wall of the tank is positioned a flap wavemaker, modeled as a forced movement solid. At the end of the tank is positioned 45 degrees sloped beach. The tanks used in the simulation of three different wave types have different lengths according to the frame position. Figure 8 shows the numerical test tank configuration.
Figure 8. Numerical test tank
One of the main challenges of the MPS method is the fluctuations in the value of the calculated pressure. To mitigate this shortcoming, a technique from [12] is applied in the present study, by adding a smoothing constant at Poisson's pressure equation (called pressure smooth coefficient) and by the careful choice of the numerical simulation parameters. The simulation numerical parameters are shown in Table 3 . For the simulations of free motion floating structure, mass, the mass center position and inertia of the models are required as input the data. The mass center and inertia moment were calculated considering the model structure with a uniformly distributed mass. These data are presented in Table 4 . 
IMPACT OVER FLOATING STRUCTURE ANALYSIS
Some of the validation regarding the motions of the free solid module implemented in the MPS simulation code used in the present study is presented at [9] , for two degrees of feedom, with heave and roll motions.
At first, the results of the free floating motions are compared with that obtained by fixing the structures. Figure 9 shows the time series of wave runup in the fore column (column 1) and aft column (column 2) of the models with square and circular sectioned columns. In this section the results are analyzed only after the second impact, when the wave is completely developed.
Circular section column
Square section column Figure 9 shows similar behaviors for the two models. In Figure 9a , the runup in the first column last longer for floating struture. At the second column, the opposite occurs, with shorter duration of wave runup, for the free motion cases. In the first column, the durations of wave runup of the squared section if shorter than the circular one, . From Figure 10 -a, for both models, the longer runup can be associated with the smaller pressures at the first column. The pressure sensor in the top of the fisrt column shows that the impulsive load at this region is overestimated when analysis is done considering fixed structure, as pointed out by Figure 10 -b.
In the second columns, the main differences between the circular and squared models are regarding the impact at the top sensor. Due to the geometry of the first column on the incoming wave, a sequence of high impact pressure peaks occurs in the squared column.
In Figure 11 is shown the heave (translation in the y-axis -vertical) and pitch (the z-axis model rotation) motions considering the three different incident waves. The range of motion of the two structures is very close, the little difference in the movements is equivalent to the small difference in mass and moment of inertia between the two models presented in Table 4 .
Square section column Figure 11 . pitch e heave degrees of freedom model movements -long wave (red), medium wave (blue) and short wave (magenta)
Finally, the Figure 12 presents some snapshots of the first wave impact, for the model with circular section column (at left) and for model with square section column (at right) in case of the medium wave. The color gradient at the fluid indicates de velocity magnitude. The emergence of the pontoon of the model with circular sectioned column occurs at t=2.2 s, after the first impact on the fore column, because its displacement due to heave and pitching motions are slightly larger in the instant.
Square section column Figure 12 . Snapshots of MPS simulation -Medium wave
CONCLUSION
This study is focused on non-linear nature phenomena resulting from the wave impact over offshore structures. Moving Particles Semi-Implicit (MPS) method, which is promising to fluid-structure interaction phenomena is applied for the simulation.
By comparing the results of the structures in fixed and free floating conditions, it is clear that the duration of the wave runup is shorter in the former one, and impact pressures in the fore column are overestimated. On the other hand, The duration of the wave runup in the model with circular sectioned column is in general longer than the squared one. The impact analysis with different column geometry models showed that the impact pressure on the top end of the second column of the model with square sectioned column is higher. Finally, the influence of the column geometry on the heavy and pitch motions in waves of different periods are also clarified, showing slightly large heavy and pitching motion in the model with square sectioned model.
The future development of this work comprises the application of distributed processing techniques, allowing the use of models with higher discretization and simulations takes less computational resources. Also comprises the development and aplication of different tools for modeling numerical tanks, such as reducing computational domain by the application of moving contours at the bottom of the tank, reducing the tank depth and maintaining the wave dynamics. For this initial stage we have satisfactory and quite encouraging for further investigation results.
